I. INTRODUCTION
Fusaric acid is one of the wilt toxins produced by the wilt pathogens Fusarium lycopersici Sacc. and Fusarium vasinfectum Atk. and a few other members of the family Hypocreaceae (Gaumann, Naef-Roth and Kobel 1952, Gaumann 1957 ). This toxin has now been demonstrated in the in¬ fected tomato and cotton plants, the respective host plants of the above mentioned pathogens (Lakshminarayanan and Subramanian 1955 . Kaly¬ anasundaram and Venkata-Ram 1956, Kern and Kluepfel 1956 ). In fact, the evidence along these lines is increasing and recently it has been reported that fusaric acid is also a toxin of the Panama disease of banana plants infected by Fusarium cubense F. M. Smith (Page 1959 Injury to the ferment systems of the host (Gaumann 1958 ).
We have not as much experimental evidence on the latter effect of fusaric acid as on the former (Bachmann 1956 , Gaumann and Loeffler 1957 . The results in this direction were the effect of this toxin on the tissue respiration of tomato and yeast (Naef-Roth and Reusser 1954, Reusser and Naef-Roth 1956) . Recently it has also been shown that fusaric acid competitively inhibits the polyphenoloxydase (Bossi 1960 (Deuel 1954) .
Although the action of fusaric acid is manifold, we may reasonably expect that some of the injuries caused are basic and more fundamental in nature, and therefore common to all organs and organisms susceptible to fusaric acid. If this is so, the other host specific and tissue specific injuries play an additive role in the clinical picture, or, they superimpose on the ground effect.
Ever since the discovery by Woods (1940) that sulfanilamide acts in bacteria by competitively replacing one of the essential metabolites of the bacterium, p-aminobenzoic acid, evidence is growing that many toxins and antibiotics affect the susceptible organisms by antimetabolite action. There are many examples of competitive antagonism to an essential metabolite in the field of antibiotics and antivitamins (Woolley 1952) . However, very few cases have been demonstrated in the field of phytopathologically interesting toxins. That such possibilities do exist is shown in the wild fire disease of tobacco. Its pathogen Pseudomonas tabaci Wolf and Foster produces a toxin, which has been shown to be an antimetabolite of the amino acid methionine (Braun 1955) .
With this in view, we asked ourselves the following questions: Is the toxicity of fusaric acid fully or in part attributable to its antagonism of some essential metabolite of the susceptible organisms or tissues? If so, is it possible to remove its toxicity to susceptible organisms and organs by administering the hypothetical metabolite?
Since it is easier to demonstrate a metabolite-antimetabolite relationship with microorganisms, the studies were initiated with this method. However, the ultimate aim was to see if a similar mode of action of fusaric acid also exists in tomato plants. ml.
For agar media these were supplemented with 1.8 % agar-agar. For each concentration, 10 ml of this fusaric acid solution was added to 90 ml of medium to give the necessary dilution. Thus, when a dilution of 5 jMg/ml of fusaric acid is needed in the medium, 0.5 ml is taken from the first stock solution containing 1000 A<g/ml, and diluted to 10 ml with phos¬ phate buffer. These 10 ml (fusaric acid concentration 50 /<g/ml) were added to 90 ml of the medium to give the working concentration of 5^g /ml. The control received 10 ml of the buffer solution. The pH of the medium after autoclaving was 6.2. From each 100 ml aliquot, 5 (Bossi 1960 (Kluepfel 1957) . Therefore it was planned to study the effect of certain of these substances responsible for detoxication in biological systems, on the toxicity of fusaric acid to the two bacteria.
III. SCREENING OF CERTAIN ESSENTIAL GROUPS OF METABOLITES
The results of these investigations can be seen in Table 3 . It will be noticed that of all the substances tried, glucuronic acid removed the toxicity of fusaric acid to some extent. Thus with 1000^g /ml glucuronic acid, the minimum dose of fusaric acid needed for inhibiting the growth of the Table 5 . Table 5 The effect of yeast extract, beef e x t r a c t, In the relationship between a metabolite and an anti-metabolite the con¬ centration of the one needed to nullify the effect of the other varies from organism to organism. Thus with 0.01 jUg/ml of thiamine in the medium, the amount of the anti-metabolite pyrithiamine needed to reverse the growth is 0.02 //g/ml with Cerastomella fimbriata, 0.33 £<g/ml with Saccharomyces cerevisiae, and more than 20,000 ,"g/ml with Escherichia coli (Woolley 1952 (Gaumann et. al. 1952 Table 6 .
The Rf-value of the active spot was established by the characteristic fluorescence. The spots were cut out and eluated as mentioned above. After (X 8, 100-200 mesh, H+-form) were used. The resins were used in columns 2 cm broad and 6 cm high.
The Dowex 2 column was prepared by washing the resin with 60 ml 1 N NaOH followed by water until the eluate was neutral. After applying 2 ml of the biologically active solution from unidimensional chromatograms, the column was first eluated with 60 ml of water and then with 80 ml of 1 N acetic acid. Both eluates were evaporated in vacuo to dryness and tested for activity. It was found that only the second eluate was active; thus further indicating that the factor is acidic in character.
A similar amount of active sample was applied to the Dowex 50 column, which was prepared by washing with 1 N HC1 and water until the eluate was neutral. The column containing the factor was treated with 60 ml of water and the same amount of 0.5 N HCl. The eluates were again evaporated to dryness, redissolved and tested for activity, having adjusted the pH to 4.5. Only the water eluate showed activity. This also shows that the factor is acidic. (Woolley 1952 vestigations it was possible to obtain a picture similar to that theoretically expected (Fig. 3) by varying the concentration of one of the analogues. In order to determine this figure, the following procedure was adopted.
Twenty-four spots of the active substance were eluated from two dimensionally run chromatograms. The eluate, evaporated to dryness, weighed 2.48 mg. This was dissolved in 2 ml of water and diluted to V2, 1U and 1/s.
The four concentrations were tested against 5 X 10-2 molar fusaric acid by the cross strip technique. The test organism was again Candida vulgaris. Fig. 5 shows that the action of fusaric acid and antagonist were just counterbalanced at the original concentration of the factor. The results suggest that the inhibition index of fusaric acid is in the order of about 10.
However, it is possible that this figure is too small since the extract contained an unknown amount of impurities. When the inhibition index is constant over a wide range of concen¬ trations the antagonism is said to be competitive (Woolley 1952 The anti-fusaric acid factor was not only detected in yeast extract but also in Tryptone (Difco), N-Z amine and wheat corn residue. The latter source suggests that the factor is produced by higher plants as well as by microorganisms.
1. Production of the antagonist to fusaric acid by Fusarium lycopersici During investigations with the culture filtrate of Colletotrichum fuscum it was accidently observed that this fungus produced a substance with similar chromatographic properties as the anti-fusaric acid factor. Closer studies showed that Colletotrichum fuscum actually produces the substance in question1).
Since Fusarium lycopersici produces fusaric acid it may also produce closely related substances, such as the anti-fusaric acid factor. In these in¬ vestigations Fusarium lycopersici was grown for three weeks. One (Table 7) . On this basis it is concluded that the factors produced by Fusarium lycopersici, Colletotrichum fuscum and contained in yeast extract are identical. Extensive studies have been made on the effect of fusaric acid and pyridine derivatives on the water permeability of plant protoplasts (Bachmann 1956 (Bachmann , 1957 . These studies showed that the specific injury caused by fusaric acid at concentrations above 5 X 10-4 molar is, to a large extent, due to the length of the aliphatic side chain of the pyridine ring.
It was therefore of interest to investigate the activity of the factor against structural analogues of fusaric acid with differing lengths of the aliphatic side chain.
In these experiments the following substances with a decreasing length of aliphatic side chain were used: fusaric acid (5-n butylpyridine-2-carboxylic acid), dehydrofusaric acid (5-n butylenepyridine-2-carboxylic acid), 5-ethylpicolinic acid (5-ethylpyridine-2-carboxylic acid), 5-methyl-picolinic acid (5-methylpyridine-2-carboxylic acid) and picolinic acid (pyridine-2-carboxylic acid). In addition, one pyridine derivative was used which did not contain a carboxyl group, namely, 3-n butyl-pyridine. Experiments were conducted to study the antibiotic potency of all these substances using the paper disc method on plates of Candida vulgaris. The results are presented in Table 8 . a-picolinic acid and 3-n butyl-pyridine showed no toxicity but with all the other compounds tested, greater toxicity was observed with an increasing length of the aliphatic side chain.
2. The effect of the antagonist on structural analogues of fusaric acid Fusaric acid, dehydrofusaric acid, ethyl picolinic acid and methyl picolinic acid were tested against the same concentration of the factor antagonistic to fusaric acid. All the pyridine derivatives were used at a concentration of 5 X 10~2 molar.
All the pyridine compounds were competitively inhibited by the antifusaric acid factor (Figs. 7, 8 and 9 (Woolley 1952 (Gaumann, NaeiRoth and Kobel 1952) . In both experiments antagonism to the effect of fusaric acid is seen only in the leaves. In the first experiment the toxicity of fusaric acid to the leaves is reduced by about 70 % and in the second by about 75 fl/o. The injury to the stem, however, remains undiminished. The part of the fusaric acid molecule responsible for its toxicity Fusaric acid has an n-butyl group at position 5 of the pyridine ring (Gaumann, Naef-Roth and Kobel 1952) . When this is substituted by an ethyl or methyl group, the toxicity is progressively reduced. Dehydrofusaric acid, which has a butylene group instead of the n-butyl group of fusaric acid, shows almost the same toxicity as fusaric acid.
Given the basic structure of a-picolinic acid, the length of the alkyl side chain of the analogues determines the magnitude of their toxicity. A similar observation was made by Bachmann (1956 Bachmann ( , 1957 (Woolley 1952 Previous work has shown that in contrast to the stem, the leaves do not react so strongly to changes in the pH of the toxin solution (Gaumann 1958 Kern and Kluepfel 1956 ). Infection, generalisation and toxin production are essential prerequisites for a success¬ ful pathogenesis (Gaumann 1951) . In some of the resistant varieties of host plants the pathogens do generalize but do not cause any toxic symptoms (Gaumann 1951, Kalyanasundaram and Braun 1958) . This was explained until now to be due to a lack of toxin synthesis. However, on the basis of our experimental evidence of the production of fusaric acid and its anta¬ gonist by the same pathogen, this may partly be attributable to an over¬ production of the metabolite by the pathogen. The Thus maize and pea are ten times less sensitive than tomato, which again is equally less sensitive than cotton (Gaumann 1957 
